cialization and their orientation specificity.
16. D. Y. Ts'o, R. D. Frostig, E. E. Lieke, A. Grinvald, Abst. Soc. Neurosci. 14, 898 (1988) . 17 . Monkeys (Macaca fascicularis) were initially anesthetized with ketamine HCI (20 mg per kilogram of body weight, intramuscular) followed by sodium pentothal (20 mg/kg, intravenous supplemented by further injections as needed). The animal was then cannulated through a tracheotomy, paralyzed with vecuronium bromide (0.1 mg kg-hour-'), and artificially respirated. The electrocardiogram, electroencephalogram, temperature, and expired CO2 were monitored throughout the entire experiment. 18. A hole was made in the skull above the striate cortex and a stainless steel optical chamber was cemented over the hole. After the dura was opened, the chamber was sealed with a glass cover plate and filled with silicone oil. Single-unit electrical recordings were made through a rubber gasket in the glass cover plate. 19 . A slow-scan CCD camera (Photometrics, Ltd.) was mounted above the optical chamber and provided digitized images with a signal-to-noise ratio of better than 1400: 1 and a spatial resolution of 192 by 144 pixels. The surface ofthe cortex was illuminated with a 630-nm light (20) . Five to 10 frames were acquired within 3 s, during a visual stimulus presentation, followed by a 10-s intertrial interval. 20 21 . Data analysis began with the summation of frames acquired for each type of visual stimulus. We then divided each of these summed images by the sum of the blank stimulus trials, to minimize the effects of uneven illumination and other common mode features. The resultant summed, blank-adjusted images were subtracted from each other as appropriate for the particular functional property under study (for example, for ocular dominance, the summed, blankadjusted images from the left eye were subtracted from the right-eye images). The color map of the display was set for either linear 8-bit gray scale translation, or sometimes, pseudo-color mapping designed to facilitate interpretation. 22 . In a typical experiment, adequate orientation maps were obtained after cortical images were averaged for 30 min. The signal-to-noise ratio (S/N) of our maps seems at least as good as similar maps from 2-DG studies. For example, a comparison between the densitometry analysis of a 2-DG map of orientation tuning and the optical imaging map of orientation showed that the 2-DG map had a S/N of roughly 5 and the optical imaging map had a S/N of roughly 7 (for 45 min of data acquisition). We estimate that the spatial resolution of this imaging technique is 100 to 150 ,um. The functional maps obtained with optical imaging are very reproducible. For example, a pixel-by-pixel comparison between two separate orientation maps obtained in interlaced fashion showed that 85% of the pixels reported orientations within 20' been described in the past decade, little is known about long-term (days) forms of associative synaptic plasticity (1) .
In Aplysia a cellular analog of a classical conditioning paradigm produces a shortterm form of associative plasticity (3, 4) , termed activity-dependent neuromodulation, at the synapse between the sensory and motor neurons of the siphon and tail withdrawal circuits. In this neural analog of classical conditioning, activation of a sensory neuron represents the conditioned stimulus, electrical stimulation of the tail or of a peripheral nerve represents the reinforcing or unconditioned stimulus, and the excitatory postsynaptic potential (EPSP) in the motor neuron produced by stimulation of a sensory neuron represents the conditioned response. EPSPs produced by sensory neurons in which activity was paired with a reinforcing stimulus exhibited significantly more short-term enhancement than those EPSPs elicited by sensory neurons that were activated in an unpaired fashion with a reinforcing stimulus (3, 4) . Although activity-dependent neuromodulation exists in a short-term form at the sensory neuron to follower neuron connection, it is not known whether it also exists at the same site in a long-term form. A long-term form of activity-dependent neuromodulation would provide a neural substrate for the long-term memory ofclassical conditioning as well as a basis for molecular analyses of the mechanisms underlying long-term associative plasticity and classical conditioning.
To examine whether activity-dependent neuromodulation exists in a long-term form, we applied a cellular analog of a classical conditioning paradigm (4) to the isolated pleural-pedal ganglia of Aplysia californica (5) . Changes in the amplitude of monosynaptic EPSPs elicited by two sensory neurons in a common motor neuron (6) were used as the measures of associative and nonassociative plasticity. Training consisted of five trials with an intertrial interval of 5 min. Within a training trial (Fig. 1A) , each sensory neuron was activated with a train of ten suprathreshold pulses. Onset of the activation of one sensory neuron (paired; SN+) was followed 400 ms later by a reinforcing stimulus composed of a train of electric shocks to a peripheral nerve (nerve shock) (7) . The other sensory neuron (unpaired; SN-) was activated 2.5 min before or after activation of SN+ (Fig. 1A) .
Stimulation of SN-and SN+ produced EPSPs of similar amplitude in the motor neuron before training (Fig. 1B) (8) . Training ( Fig. 1A ) was initiated immediately after the baseline test. Although the EPSPs elicited by both SN-and SN + were enhanced 5 min after training (Fig. 1C) , those produced 27 JULY 1990 by SN+ were enhanced to a greater extent. The increase in the EPSP produced by SNwas caused by short-term heterosynaptic facilitation. The greater enhancement observed in the EPSP produced by SN+ represents short-term activity-dependent neuromodulation (3, 4) . After the 5-min test, neurons that neighbored SN-, SN+, and the motor neuron were injected with Fast Green (9) and the chamber was placed in an incubator at 15°C for 24 hr. The following day the same three cells were reimpaled, and the 24-hr test was performed (Fig. ID) . Both SN-and SN+ cells elicited enhanced EPSPs relative to their amplitude before training. The EPSP produced by SN+, however, exhibited a larger increase in amplitude than that of the SN-cell. Thus the training procedure leads to a long-term pairing-specific enhancement of the connection between the sensory neuron and its follower motor neuron.
Data from 14 experiments are illustrated in Fig. 2 (10) . Short-term associative plasticity is illustrated by the difference in the amplitude of the EPSPs produced by the SN-and SN+ cells (SN-, 140 + 14%; SN+, 203 ± 21%) during the 5-min test. Moreover, long-term associative enhancement is evident by the difference in the amplitude ofthe EPSPs (SN-, 245 ± 39%; SN+, 350 + 58%) during the 24-hr test. A two-way analysis of variance with repeated measures on both factors (training and time) revealed a significant effect of training [F(1,13) = 13.58; P < 0.01]. In contrast, the analysis of variance revealed that neither the effect of time nor of the time-treatment interaction was significant (11) . Thus a classical conditioning procedure that produces short-term associative plasticity leads to the induction of long-term associative plasticity in the same cells.
The degree of associative plasticity (that is, the ratio of the amplitudes of the EPSPs produced by SN+ and SN-) was 1.4 both at the 5-min and 24-hr tests, indicating that the associative plasticity is expressed to the same degree in both its short-and long-term forms. The degree of short-term associative plasticity was similar to that observed previously (4, 12) . No significant changes were observed in the input resistance ofthe motor neuron during either the 5-min or 24-hr test (13) . This observation is consistent with previous data on short-term plasticity of these synapses (14) and indicates that generalized postsynaptic changes are unlikely to contribute to long-term plasticity.
The mechanism underlying short-term associative plasticity in Aplysia, termed activity-dependent presynaptic facilitation (3) (7, 8) , has already undergone clinical testing as a vaccine (2) . The goal was to prepare a peptide bearing helper T and 27 JULY I99O nonimmunogenic B cell epitopes; such a composite peptide has been described (9) . To obtain a peptide capable of eliciting the desired T cell activity, we hydrolyzed TT with trypsin after reduction and alkylation. Peptides in the digest were separated by column chromatography and activity was monitored by in vitro T cell proliferation tests with human peripheral blood leukocytes (PBLs) and lymph node cells from mice injected with TT. Since helper T cells proliferate under these conditions, the assays provided an initial screen for appropriate peptides. A peptide from an active fraction was partially sequenced and, on the basis of the published sequence of TT, a peptide containing amino acid residues 73 to 99 (TT73-99) was synthesized. The peptide was tested for cross reactivity with antisera against TT. Neither mouse nor human antisera against TT reacted with TT73-99 (Table 1, experiment 1, and Table  2 ). These data suggested that TT-specific B cells reactive with TT73-99 may not have been sensitized after TT immunization in either species and, therefore, that this potential basis for suppression would be absent. The positive T cell proliferation results in initial screening studies indicated that TT73-99 was recognized by helper T cells. To investigate this, we primed mice with TT73-99 and challenged them with (NANP)3TT. Such animals produced increased titers of antibody to NANP [anti-NANP] and antibody to TT (anti-TT) (Table 1, experiment 1). The use of BALB/c mice, which are genetically unresponsive to NANP at the T cell level (10) , and the absence of antibody cross reactivity between NANP or TT and TT73-99 indicated that priming of the helper T cell had occurred.
TT73-99 contained information for carrier function and did not cross-react with antibody against the parent protein. This peptide should not be susceptible to carrierspecific, B cell-mediated suppression. We predicted that this peptide, when linked to a B cell epitope, would not be susceptible to T cell-mediated suppression in TT-primed mice. We tested this prediction by comparing the effect of prior immunization with TT on the subsequent response to a conjugate containing either the entire protein, (NANP)3TT, or a peptide with only a portion of the protein, (NANP)4TT73-99.
As expected, TT priming inhibited the anti-NANP response to (NANP)3TT even though the anti-TT response was elevated in pretreated mice (epitope-specific suppression). Not only did TT There is currently a need for vaccine development to improve the immunogenicity of protective epitopes, which themselves are often poorly immunogenic. Although the immunogenicity of these epitopes can be enhanced by linking them to highly immunogenic carriers, such carriers derived from current vaccines have not proven to be generally effective. One reason may be related to epitope-specific suppression, in which prior vaccination with a protein can inhibit the antibody response to new epitopes linked to the protein. To circumvent such inhibition, a peptide from tetanus toxoid was identified that, when linked to a B cell epitope and injected into tetanus toxoid-primed recipients, retained sequences for carrier but not suppressor function. The antibody response to the B cell epitope was enhanced. This may be a general method for taking advantage of previous vaccinations in the development of new vaccines.
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